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Note: The x axis and y axis represent the horizontal and vertical coordinate value of the original image, pixel.
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Fig.l1 Local peak image and its three-dimensional image
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attenuation coefficient of the dynamic threshold; Uj; represents the modulation field used to combine the feedback input domain and the link input domain.
B 2 it EM-PCNN AR A2 A
Fig.2 Flow chart of improved EM-PCNN model
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Note: The numbers in the figure represent the serial number of registration points.

b. 1] WG R
b. Visible image

Spem—Nw L 00% (25)
NTP +NFP +NFN
K Npp AIEH T RBMB R, New NE S A E S ERER
R, Npp AT A EBIE B R
BCHERCRAS FH 35 7 M8 1% 22 (Root Mean Square Error,
RMSE) KpFAT, THEE Bl A 5 B A5 AN A 5 k55 3 [+
— IR B AR A X 3k

D LA ~1G)*]
RMSE == ——— (26)

K K ABEEE S, h() R EEHRAE i AR
18, IG)EEURAE i (K.

2 HRWERSHA

AR IR DO H RERGRKENEGES 3 A4
[FDEHR T ToF 5] WLt BURAE ik de: £ 4 o
2.1 ToF 5rI L AEGRECHES

NTIUEA L, 8 3 AR N ToF. Af
DB GAE AR . ERIDETEN T, B RE B
IR, FEIIBUTT, BCAESN 4%, WREEERT,
B S G BUR AR B, BeiE SN 5 6. IERHISEE LT,
ST H PR SRS, B bRt — DA, XA,
Fir CABCHE R 3 % b, SR80 5% T RC S SR an
4 R, iR ERn] WG RSLRHEAHE, HHR
SERMAREAE, SEEHRAIHE S L.

c. FeAkLs G g

¢. Registration result image

B4 BHFHLT ToF 5T NAB KA L
Fig.4 ToF (Time of Flight) and visible image registration under shading and weak light
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Fig.5 Comparison experiment of image segmentation results of
different algorithms
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Table 1 Segmentation index data
%
g ﬁ’,{ Detection rate Miss rate Accuracy
Data Algorithm
SDR SFNR SACC
Ostu 90.88 9.11 90.88
#—H ToFEE  pCNN 82.44 17.55 82.44
The first
ToF image SPCNN 93.06 6.93 8537
EM-PCNN 98.68 1.31 96.62
Ostu 57.68 42.31 56.00
B ToFEIR  pCNN 58.60 4139 56.26
The second
ToF image SPCNN 51.81 48.18 51.81
EM-PCNN 81.95 18.04 73.84
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Fig.6 The contrast image of feature region is extracted by this
algorithm and mser algorithm
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Fig.7 Comparison of sunny and sunny backlight registration
images based on different registration algorithms
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Table 2 Index data of different registration algorithms
i L Bttt SURF $ii%: 545 Harris Mk SIFT 517% AL
R Corner algorithm Improved SURF algorithm Harris and Improved SIFT algorithm Algorithm in this paper
= : o I - N R N i N
No. DS g wprmse NS mg sormz om0 eme mma DR g
. Correct Point RMSE . Correct Point RMSE Match Point . RMSE Match Point . RMSE
Point Point Point Point
1 125 1 / 7 0 / 15 0 / 5 5 3.58
2 130 0 / 7 0 / 11 0 / 4 4 3.61
3 110 0 / 6 1 / 10 0 / 3 3 3.05
4 143 0 / 13 0 / 9 1 / 4 4 4.75
5 131 1 / 5 2 / 15 0 / 3 3 3.68
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Heterologous sources images in the apple orchard registration method
using EM-PCNN

Zhou Yubo, Liu Liqun™
(Gansu Agricultural University Information Science and Technology, Lanzhou 730070)

Abstract: Image registration has been a key preprocessing technique for heterogeneous images. Two kinds of image data were
transformed into the same coordinate system by matching, combining spatial information and semantic information.
Multi-source images can be gained to reduce the limitations of a single data source. This study aims to improve the matching
accuracy between Time of Flight (ToF) and visible heterologous images collected by the binocular acquisition system in an
orchard environment. A target salient region extraction was proposed using the local peak, pulse coupled neural network
(pCNN) segmentation and the expectation-maximization for the ToF and visible image registration in an apple orchard. Firstly,
the significant region in the visible image was calculated to preprocess the red and green components of the visible image,
according to the Gaussian difference function. Taking the two-dimensional normal distribution of the local gray value in the
image as the target component, the maximum interclass variance Otsu was used to extract the prospect with a fixed threshold
as the local peak extraction strategy, then to preliminarily screen the characteristic areas of ToF and visible images, in order to
improve the pCNN dynamic threshold using the maximum expectation. The link strength was calculated using the local image
gradient. An Expectation-Maximization (EM) pCNN was proposed to refine the pre-selected region using the image region
variance for a better termination condition. The invariant moment of the connected region was calculated to locate the same
name point of the target center using the invariant principle, where the characteristic region was further screened. Finally, the
same name points were purified by the Random Sample Consensus (RANSAC), where the purified coordinates of the same
name points were substituted into the transformation model to calculate the model parameters for the registration. The
experimental images were collected under three conditions, including a sunny day, shade, and weak light, in order to simulate
different lighting conditions. The translation, spatial rotation, and scaling were performed on each group of ToF and visible
images. The experimental results show that the EM-PCNN was better than the traditional segmentation for the image with less
obvious color difference between fruit and growth background. Under normal conditions, the segmentation accuracy and the
exposure were 96.62% and 73.84% lower, respectively. After that, the feature regions were screened to perform fine
segmentation using EM-PCNN. There were smaller differences in regional features between the ToF and visible light,
compared with the traditional Maximally Stable Extremal Regions (MSER), indicating a more accurate range. Harris algorithm
was suitable for the image registration with the small scale change and rotation angle. The scale-invariant feature transform
(Sift) algorithm presented the resistance to the translation, rotation, and scaling, where the complete registration was realized
with the rotation at the spatial level. Consequently, the local peak extraction and EM-PCNN segmentation can be widely
expected to register the ToF and visible images in the apple orchard, where the root mean square error was 3.05-4.75 under
different lighting conditions, and the homonymous point was 3-5. The excellent registration was achieved for the ToF and
visible heterologous images in an apple orchard under the binocular acquisition system, indicating better resistance to the
image translation, rotation, and scaling.

Keywords: image processing; test; orchard environment; registration; regional characteristics; PCNN



